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Proposal to use the BABARHENIXolenoid as
a detector solenoid for the EIC project

There is a proposal to f@se the existing 1.5 T BABAR magnet as a detector solenoic
for the EIC project.

A The magnet for the BABAR experiment atfiER SLAC, CA was
manufactured byAnsaldgItaly in 1997 and was commissioned in 1998

A 1t was then transferred to BNL, M¥2015 foruse in thesPHENIX
experiment where it still resides today

A Magnet History

November 1997Factory Acceptance test ainsaldo Itlay
March 1998 Final Commissioning at SLAC

April 2008BaBAR run ends

February 2018Magnet arrived at BNL

March 2016 100 A test

February 2018tested to 4830 A

No further plans to energize the magnet till 20222023

A It should be noted that by the time the EIC project starts, this magnet
will be more than 30 years old and will be required to perform for a
further 20-25 years during the expected lifetime of the [glGject
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Assessment of magnet

The assessment of this magnet to determine its suitability as a detector magnet for
the EIC project currently consists of two key activities:

1. Assessment of ability to satisfy physics requirements

A Status Physics assessment is in progesseRenukaRajput
D K 2 a Wresenfation for more details

2. Engineering assessment to satisfy performance and reliability
requirements

A Status Preliminary engineering risk assessment complete and is
presented here



Magnet Construction

A The conductor is composed ofNbTisuperconductind.6-strand Rutherfordype cable
embedded in a pure aluminum matrix through aedrusionprocess.

A Thedouble layer coil is internally wound on a 35 mm thick 5083 aluminum support man

A 11 parallel cooling pipeweldedto the outside diameter of the support mandrel form part
the thermo-syphon systemThe system has also been used in a forced flow mode suppli
a large heliundewart

A\ The thermal shield is cooled by the return helium flow from the magnet.
A\ Electricainsulation consists of dry wrap fiberglass cloth and epoxy vacuum impregnatio

A In order to have a field homogeneity of-8% in the large volume specified by tBaBar
experiment, the current density in the winding is graded: lower in the central region anc
higher at the ends.

A The gradation is obtained by using conductor of two different thickness: 8.4 mm fo
central region and 5 mm for the ends

A The magnet is protected by a set of hardware and software interlocks that will either rau
the current in the magnet down or open a breaker which quickly discharges the current
an externaldumpresistor.

A\ There are 6 axial and 16 radial Inconel 718 tie rods supporting the cold mass



ucting Solen
pecifications
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The sPHENIX superconducting solenoid magnet was formerly the BABAR magnet. It has

the following characteristics:

Field Parameters:

Central Field
Stored Energy

Main Coil Parameters

Mean Diameter of

Current Sheet
Current Sheet Length
Number of layers
Operating Current
Conductor Current Density
Inductance

1.5 T Max.
27 MJ

3060 mm

3513 mm

2

4596 A

1.2 kA/ mm2
25T7TH
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Cryostat Parameters

Inner Diameter
Radial Thickness
Total Length

Total Material (Al)

Quter HCal Steel

ID/OD
Length
Weight

Doors (each)
ID/OD
Thickness
Weight

g

H ENIX

2840 mm
350 mm

3850 mm
~ 126 mm

1780/2595 mm
6010 mm

320 plates @

1.44 metric Tons ea
= 461 metric tons

562/5190 mm
30 mm
50 metric tons



Sizing Scale

Columns supporting mid and
upper platforms and flux retum
pole tips (not shown)

Rails supporting EMCal sectors
from Inner HCal sectors

Inner HCal to Outer HCal
support rings

Splice Plates Join Outer
HCal sectors

Cradles (4) support Outer HCal

Mot shown: Magnet mounting feet (12)

Roller bearings (4) support entire sSPHEMIX

assembly, allow transport on sPHENIX rail
system

Figure C.7: sSPHENIX Structural Support




Sizing Scale

SOUTH ENDCAP
(FLUX RETURN) COIL CHIMNEY/
VALVE BOX
/ CRYOSTAT/SC COIL
OUTER HCAL
/ NORTH ENDCAP
_ INNER HCAL ~ (FLUX RETURN)

it 7"\

SOUTH SUPPORT RING
NORTH EMCAL

TRACKING DETECTOR NORTH SUPPORT RING
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Figure C.6: sSPHENIX exploded view



Magnet Construction
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Magnet in its cryostat (vacuum jacket)

Lead exit at end of coill



Thermal shield

Inner thermal shield

Outer thermal shield



Thermal Shield Assembly
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Instrumentation wiring




End viewg internal support rods
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Figure A.4: Original Ansaldo drawing: Cryostat Assembly



ValveBox

Figure A.7: The cryostat, the extension and the valve box.



Approach used to conduct the engineering risk
assessment
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SPHENIX Magn&LAC Risk Analysis (2004, 2006

A The magnestartedoperation in May 1999. Two
formal risk assessments were carried out at SLAC in
2004 and 2006 following 5 to 7 years of operation

A From Mayl1999¢ 2004,there have beerb3 unplanned
interruptions to magnet operations. None of these ¢
be shown to be the result of a spontaneous quench
the coll. In nearly all cases, the interruptions can be
traced to failures in utilities or supporting systems ol
to human error.Three notable categories

A Unknown: 10%
A Miscellaneous instrument faults : 8% O AF: Air Failure

R o CEv_o: misc. Crycplant & Compressors
A Strain gauges: 8 % B IF-mise. instrument Faul
B 0 PC: Computer Failure
A After mitigations were implemented namely 3BLCBLC Problem
installing cooling and vacuum backup systems, 0SG: Strain Gage
changing the control programming and removing et

unneeded interlockg the total number of
interruptions after 2004 has been significantly
reduced

A Magnet availability between 20002004: approx. 98% .



SPHENIX MagndBNL Low Current Test (100 A)

The low field test of the SPHENIX Solenoid was completed
successfully and accomplished the following important tasks and
results.

1. The magnet was cooled down to 4.5 K and warmed back to room temperature
without problems and the experience in the cool down and warmup will be useful fo
the future high field test cool down.

2. The magnet was shown to be electrically stable with no anomalies during rampin
and shutdowns.

3. The energy extraction system switching process was verified.

4. The magnet maintained mechanical stability throughout cool down and warmup.
5. Important parameters for quench detection and operation were determined.

6. Magnetic field was verified up to the level of 100 A.

7. Strain gauges were read but more work needs to be done to understand the rest
before the high field test{Note: Five strain gauges were not working and one showe:
an unusually high reading was ignored).



SPHENIX MagndaBNL High Current Test (4830 A)

The high field tesivascarried out after installation of a return flux
steel box enclosing the superconducting magiidte magnet
achieved field; the following issues were noted.:
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Several voltage taps (used for quench protection) failed before the test commenced
New temperature sensors were fitted prior to the test but failed to read accurately

Another voltage tap failed intermittently and caused a fast dump of the magnet

The control system crashed causing a fast dump of the magnet
Quench occurred at about 3000 A
Quench occurred at about 4410 A (possibly due to the high ramp rate of 2.5 A/s)
Achieved 4830 A after reducing ramp rates
Magnet only stayed at full field for 36 minutes due to the lack of availabilibhef
Multiple hardware issues (mostly external to the magnet) were noted and will be
addressed prior to thePHENI¥xperimental runs.
However, there were a few leaks, most of which were accessed and repaired. But
there is still one small cold leak which is currently being managed by pumping

A There is also evidence that bofinsaldoand SLAC had previous issues with leaks



JLalEngineering Risk Assessmef020

Executive Summary
Purely from an engineering perspective, if the changes (improvements) listed below are carried out in order to mitigate the identified risks, then
this magnet should be suitable for prolonged use as part of the detector system for the EIC project. However, it should be borne in mind that
several of the mitigation efforts described below involve the disassembly of the magnet and this therefore imposes a certain level of risk.
Furthermore, if the physics studies currently underway, indicate that additional changes are required to the magnet, (for example the inclusion
of trim coils and/or changes to the iron circuit); then the system as a whole, will have to be re-evaluated - to ensure that the magnet remains
within the original design limits under both normal and abnormal operating conditions.

Risk Rating | Before Risk Mitigation | After Risk Mitigation Comments
HIGH 1 0
5 4 Reguires disassembly which can introduce additional risk
LOW 2 4
Total 8 8







